Objective: To characterise the degree of disability in pulmonary hypertension (PH) patients based on the World Health Organisation Disability Assessment Schedule 2.0 (WHODAS 2.0). Method: A prospective and observational study of patients with documented PH (N = 46). Patients completed the WHODAS 2.0 questionnaire during a scheduled routine clinical visit, and their demographic and clinical characteristics were retrieved from electronic medical records (EMR). In subsequent visits, selected clinical variables were registered to assess disease progression. Results: WHODAS 2.0 scores were indicative of mild to moderate disability for the domains of mobility (22.0 ± 23.2), life activities (23.7 ± 25.5), and participation in society (17.2 ± 15.9), as well as total WHODAS 2.0 score (15.3 ± 15.2). For the domains of cognition (9.1 ± 14.1), self-care (8.3 ± 14.4), and interpersonal relationships (11.7 ± 15.7), scores were lower. Disability scores were, generally, proportional to the PH severity. The main baseline correlates of disability were World Health Organisation (WHO) functional class, fatigue, dyspnoea, 6-minute walking distance (6MWD), and N-terminal pro b-type natriuretic peptide (NTproBNP). Baseline WHODAS 2.0 scores showed significant associations with disease progression. However, this effect was not transversal to all domains, with only a few domains significantly associated with disease progression variables. Conclusions: This PH population shows mild disability, with higher degree of disability in the domains of mobility and life activities. This study is the first one to assess disability in PH using WHODAS 2.0. Further studies should apply this scale to larger PH populations with suitable representations of more severe PH forms.
INTRODUCTION
Pulmonary hypertension (PH) encompasses a set of heterogeneous progressive conditions characterised by increased pulmonary artery pressure, which, if left untreated, leads to right ventricular failure, causing substantial morbidity and, ultimately, premature death.
(1) Fortunately, several PH-specific treatments were introduced over the past decades, resulting in considerable gains in terms of long-term patient survival. (2, 3) Since then, research shifted towards more intense evaluation of functional capacity and quality of life to ensure effective, patientcentered management of this highly debilitating condition. (4, 5) Disability due to PH is multifactorial, depending on factors such as decreased exercise capacity, functional limitation, compensatory physiological mechanisms, psychological impact of the disease, as well as drug adverse effects, and burden of treatment. (6) Several types of instruments have been used in patients with PH to evaluate functionality, health-related quality of life and quality of life, (4, 5) including general assessment questionnaires, (7) (8) (9) as well as disease-specific questionnaires. (10) (11) (12) (13) (14) (15) Health-related quality of life (HRQOL) has also been evaluated as a prognostic factor and treatment goal in the clinical management of PH. (16) However, to our knowledge, no specific evaluation of functioning and disability in PH populations has been done using the standardised functioning and disability classification developed by the World Health Organisation (WHO), the International Classification of Functioning, Disability and Health (ICF). (17) The ICF does not classify people, but rather interprets their characteristics, namely, body structures and functions, activities and participation, and the influences of the environment, which allows to properly describe functional states. Functioning or disability are considered as a result of a dynamic interaction between health conditions and contextual factors. (17) Using this framework is important, because, although functioning and disability are intercorrelated with HRQOL, this framework provides an objective measure of functioning (i.e., objective ability to perform in a given life domain), while HRQOL assessments provide a subjective measure of well-being (i.e., subjective feeling about the ability to perform in a given life domain). (18) ICF is operationalized through the WHO Disability Assessment Schedule 2.0 (WHODAS 2.0), which is a generic instrument for assessing health status and disability across different cultures and settings. (18, 19) WHODAS 2.0 has increasingly been used in clinical practice and described in the medical literature, and it is considered the leading standard measure of disability worldwide. (19) Although being a generic, standardised measure, its psychometric proprieties have been repeatedly validated in diverse populations, locations, and languages, which makes WHODAS 2.0 the tool of choice in comparing disability due to different disease conditions and makes it possible to monitor the impact of health-related interventions. (18, 19) This study aimed to characterise the degree of disability in a population of Portuguese PH patients based on the WHODAS 2.0, and to identify clinical correlates of disability. Additionally, the study purposed to explore the capacity of WHODAS 2.0 in predicting the clinical evolution of PH patients.
METHODS

Study design and population
This is a prospective, observational study of prevalent PH patients (confirmed through right heart catheterisation) followed at a single reference centre in the North of Portugal (Pulmonary Vascular Disease Unit of Hospital de Santo António, Centro Hospitalar do Porto, Porto, Portugal); the centre is part of the European Reference Network for Rare or Low Prevalence Complex Diseases (ERN-LUNG), and covers a region with approximately 3.8 million adult population.
When attending a routine clinical visit, patients were consecutively invited to participate in the study. Patients were eligible to participate if they were ≥ 18 years old and able and willing to give their informed consent. Patients were excluded from the study if they were unable to complete the study data collection forms due to illiteracy or cognitive impairment, or if they were not able to comply with the study protocol, due to other medical conditions or personal circumstances. Patients with group 2 and 3 PH were excluded from the study.
All patients provided their written informed consent prior to enrolment. The study protocol and data collection instruments received favourable opinion by the Ethics Committee of Centro Hospitalar do Porto (Porto, Portugal) and were reviewed and approved by the Portuguese National Data Protection Commission.
Data collection
Data were collected by self-administering the Portuguese validated version of WHODAS 2.0 questionnaire during a scheduled routine clinical visit. Sociodemographic and disease-specific clinical measures, including haemodynamic ones, were retrieved from the clinical database collected by the dedicated PH software created at the Unit, PAHTool (Inovultus, Santa Maria da Feira, Portugal).
WHODAS 2.0
WHODAS 2.0 can be self-administered and captures the level of functioning in six domains of life: cognition, mobility, self-care, getting along, life activities (household and work) and participation. The 36-item Portuguese validated version of WHODAS 2.0 was used in this study. (20) WHODAS 2.0 scoring and interpretation were performed according to the WHODAS 2.0 manual. (18) The complex scoring method was used. This scoring consists of three essential steps:
• summing of recoded item scores within each domain; • summing of all six domain scores; • converting the summary score into a metric ranging from 0 to 100, in which 0 is no disability and 100 means full disability.
Statistical analysis
Descriptive data are presented as mean ± standard deviation (SD) or frequency (%). Differences in mean WHODAS scores for different subgroups were tested using one-way ANOVA/Kruskal-Wallis test. For the purposes of analysis, patients with group 1 and group 5 PH were grouped, since there were only three patients in group 5 and all patients received PH-specific treatment.
Bivariate correlation analysis correlating patients' demographic and clinical variables with WHODAS scores was conducted by using Spearman's Rank correlation coefficient (between quantitative variables) and by using point-biserial correlation (between quantitative variables and binary nominal variables). Then, multiple linear regression analysis was established only for the significant correlations to identify possible predictors for WHODAS scores. The method of selecting significant variables was the forward likelihood ratio (stepping method criteria: entry = 0.05; removal = 0.10), and no estimation problems were found. A dummy variable technique was used to incorporate qualitative independent variables in the regression models.
For the variables measured at the end of the study: disease progression, functional class, 6-minute walking distance (6MWD), N-terminal pro b-type natriuretic peptide (NT-proBNP), and risk classification, prediction models based on WHODAS dimensions or WHODAS total score were established. For the first two variables, binary regression models were used. For the following two variables, linear multiple regression models were derived. For the last variable, an ordinal regression model was conducted (using the probit link function). 
RESULTS
Patient characteristics
Patient characteristics at baseline are summarised in Table 1 . This was a prevalent, stable PH population, diagnosed through right heart catheterisation with a mean disease duration of approximately 6.8 years. Most participants were female (63.0%), and the mean age of the study population was 54.5 ± 16.2 years. The most frequent PH aetiologies were chronic thromboembolic pulmonary hypertension (CTEPH) (30.4%), idiopathic/ heritable pulmonary arterial hypertension (I/HPAH) (17.4%), connective tissue diseases (CTD) (17.4%), and congenital heart diseases (CHD) (15.2%). For the purpose of analysis, aetiologies are from here on grouped as group 1 and 5 PH (69.6%) and group 4 PH (30.4%). Comorbidities were frequent, present in 67.4% of patients, with a mean of approximately two comorbidities per patient (range = 6; Q1 = 0; Q3 = 3).
Overall, this population showed PH disease markers indicative of low (26.0%), intermediate (54.3%) and high (19.5%) estimated 1-year mortality risk, according to the 2015 European Society of Cardiology (ESC)/European Respiratory Society (ERS) guidelines risk assessment scale.
(1) Most patients were in WHO functional classes I or II (71.7%), with a mean 6MWD of 415.1 ± 130.1 meters. Self-reported dyspnoea was referred by 54.3% of patients and self-reported fatigue by 39.1%. There was oxygen desaturation (94.0 ± 3.1 to 82.3 ± 9.2) during 6MWT and a 2-fold elevation NT-proBNP levels. PH-specific treatment was used in the vast majority of patients (84.8%), 50% of them in combination therapy, all through oral route (100% of treated patients); only 12.8% were under PH-specific treatment through parenteral route. Adjunctive treatment with oxygen (37.0%), diuretics (50.0%), and oral anticoagulants (60.9%) was frequent. 
WHODAS 2.0 Disability scores
Clinical correlates of disability
In bivariate analysis (Table 2) , WHO Functional class and Borg fatigue index were the variables that showed stronger correlations with all domains, as well as the total WHODAS 2.0 score (correlation generally > 0.5 or < -0.5). For the life activities domain, fatigue was also strongly correlated (0.512), whereas for the participation in society domain the Borg dyspnea index was also strongly correlated (0.571). The total WHODAS 2.0 score was, in addition, strongly correlated with years of schooling (-0.501), fatigue (0.515), and the Borg dyspnea index (0.561). Figures S1 e S2 (Appendix) show scatterplots for correlations between WHODAS 2.0 scores and 6MWD. The Appendix is available online at http://jornaldepneumologia.com. br/detalhe_anexo.asp?id=62
Multivariate analysis (Table 3) showed substantially different results for each WHODAS 2.0 domain. For the cognition domain, the significant variables were WHO functional class and pulse pressure (systolic minus diastolic blood pressure). For the mobility domain, the significant variables were WHO functional class and self-reported fatigue. For the self-care domain, only WHO functional class was a statistically significant variable. For the interpersonal relationship domain, the Borg fatigue index and NT-proBNP were the significant variables. For the life activities domain, self-reported fatigue was the significant variable. For the domain of participation in society, the years of schooling, the Borg fatigue index, and pulse pressure were significant variables. Overall, for the total WHODAS 2.0 score, only self-reported fatigue and WHO functional class were significant factors in multivariate analysis. Table 4 presents the evolution of the main PH disease markers at the final study visit. Over a mean Table 5 explores the association between baseline WHODAS 2.0 scores and patient evolution in terms of 6MWD and NT-proBNP levels at final visit. In bivariate analysis, 6MWD at final visit was strongly associated with all WHODAS 2.0 dimensions except cognition, whereas NT-proBNP levels only showed a weak association with the cognition, mobility, and life activities domains. In multivariate analysis, 6MWD at final visit was significantly associated with the interpersonal relationships domains, whereas NT-proBNP was significantly associated with the mobility and self-care domains.
Disease progression
The relationship between WHODAS 2.0 scores and WHO functional class and occurrence of disease progression was assessed through binary logistic regression, with no significant results for any of WHODAS domains. Nonetheless, total WHODAS 2.0 score at baseline was significantly associated with WHO functional class at final visit (odds ratio-OR: 
DISCUSSION
This study provides, to our knowledge, the first characterisation of disability in patients with PH based on the WHODAS 2.0 standardised assessment instrument. Using this type of tool to access disability across varied populations-both in terms of location and diseases states-, it can provide valuable insights in establishing better clinical care and improving overall public health. WHODAS 2.0 is particularly useful for these types of The following variables were considered for statistical analysis, but did not reach statistical significance: gender, marital status, disease duration, comorbidities, number of comorbidities, body mass index (BMI), basal heart rate (HR_Bas), maximum heart rate (HR_Max), maximum -basal heart rate (DeltaHR), systolic blood pressure (SBP), diastolic blood pressure (DBP), minimum oxygen saturation (Sat_min), basal -minimum oxygen saturation (DeltaSat), right atrial pressure (RAP), mean pulmonary arterial pressure (mPAP), haemoglobin, haematocrit, oral anticoagulants, diuretics, PH specific therapy, number of PH specific drugs, PH specific oral route, PH specific parenteral route, other drugs, number of other drugs. Correlation coefficients calculated using Spearman's rank (quantitative vs. quantitative variables) or point-biserial (quantitative vs. categorical). 6/10 assessments, because it is based on the biopsychological model of functioning and disability defined by the ICF, which takes into account the degree on disability actually perceived by the individuals and, therefore, constitutes a better basis for targeted therapeutic interventions and public health policies. Also, being a standardized tool, it allows comparative studies with other health conditions and in different contexts.
The population of PH patients in this study showed low to intermediate PH disease severity, despite a disease duration of approximately seven years. Low to intermediate disease severity is reflected in the degree of disability observed in the study population according to WHODAS 2.0 scores, which showed mostly mild disability for individual WHODAS 2.0 domains and WHODAS 2.0 total score (15.3 ± 15.2). The domains of mobility and life activities were the ones in which patients showed more disability, which could be expected given the impairments in exercise capacity that characterise PH. (1) The degree of disability observed in this population is markedly lower than previous reports in populations with cardiorespiratory conditions with somewhat comparable disease manifestations. (19) Racca et al. assessed disability in a population of ischaemic heart disease patients, reaching a mean total WHODAS 2.0 score of approximately 24 points (with a score of approximately 50 for the life activities domain). (21) Pedro-Cuesta et al. assessed disability in a population of patients with chronic obstructive pulmonary disease, chronic heart failure, or stroke and found total WHODAS 2.0 scores of 26, 38, and 28, respectively. (22) In a large population of patients with chronic diseases-including patients with ischemic heart disease-, Garin et al. reported a total WHODAS 2.0 score of 24.8 ± 19.3, with scores in the life activities domain of 37. (23) The authors provided, however, estimates of disability according to disease severity, and our results are, actually, comparable to those of patients with ischaemic heart disease of mild to moderate severity. (23) These findings support the assertion that the low degree of disability observed in our study population can be explained by the disease severity endured by the patients. We hypothesise that the relatively mild disability in the context of this highly debilitating and progressive disease is associated with the type of clinical management provided to these patients, which are followed in a highly-specialised PH treatment unit, without difficulties in accessing approved PH-specific drugs. Importantly, 84.8% of patients were under treatment with PH-specific drugs, 59% in combination therapy, which is expected to result in better disease 7/10 control and substantially fewer disease manifestations, thus vastly improving overall patient functioning.
The main baseline variables associated with disability measured through WHODAS 2.0 in this study cohort were WHO functional class, fatigue (and Borg fatigue index), dyspnoea (and Borg dyspnoea index), 6MWD, and NT-proBNP. These results are largely in agreement with previous studies assessing general health status and health-related quality of life in PH populations. (5) Several studies identified WHO functional class, (24) (25) (26) (27) (28) fatigue, (24, 25) and dyspnoea (24, 25) to be highly associated with overall health status and health-related quality of life. Additionally, there was an important negative correlation between education and scores for the domain of participation in society; this effect is, however, likely associated with the social involvement of participants in their communities, irrespective of PH.
Several variables that are usually important for the clinical management of PH patients showed only weak or even no correlation with disability scores. Age and PH aetiology did not reach statistical significance in the multivariate regression model, which indicates that other variables are more important in a multivariate context. Similarly, PH risk classification showed sporadic significant correlations with disability scores in bivariate analysis, but it was not considered a significant factor in the multivariate model. On the other hand, disease duration, PH-specific treatment, and the presence of comorbidities did not even show significant correlations in bivariate analysis. These results could potentially be explained by reduced variability in this relatively small population.
When using WHODAS 2.0 scores at baseline to predict evolution of PH markers over the 11-month period of the study, disability scores were only robustly predictive of 6MWD and WHO functional class evolution. There were a strong negative correlation between the mobility domain and 6MWD at final visit and a strong positive correlation between WHODAS 2.0 total score and WHO functional class at last visit, as would also be expected in both cases.
Some limitations of this study should be considered. The study had a moderate sample size (N = 46) even in the context of PH, which is an infrequent condition. The sample was compounded with only a small number of patients with severe forms of PH (19.5%) that are expected to show substantially higher degrees of disability, which limits comparisons with previous reports from populations with higher levels of disability. Further studies should focus on assessing more heterogeneous PH populations in terms of disease severity. Additionally, the study had a relatively short mean follow-up time, which could hinder the assessment of the predictive value of baseline WHODAS 2.0 scores, since few events of interest occurred throughout the period of the study.
In conclusion, this population of Portuguese PH patients shows mild disability as assessed through WHODAS 2.0, which can be associated with low to intermediate disease severity. Higher degree of disability is found in the domains of mobility and life activities. The main clinical correlates of disability in this population are WHO functional class, fatigue, and dyspnoea. WHODAS 2.0 scores at baseline predict 6MWD and WHO functional class over an 11-month follow-up period.
This study was the first one to assess disability in PH using WHODAS 2.0. Further studies should apply this scale to larger PH populations with suitable representations of more severe forms of PH.
